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(54) Printer and method of compensating for malperforming and Inoperative Ink nozzles in a print 
liead 

(57) Printer and m^od of connpensatirig for inoper- 
ative nozzles in a print head. The printer (10) comprises 
a print lieiEuj (40) pluraiity of nozzles (50) formed 
in the print hi^,r>^^^^^ may be 

inoperative and atlea^ the nozzles is 

operative. A detection system to tiie 

nozzles lor detecting the inqpe^^^^ A computer 

(90) is connected to the detection system for re-assign- 
ing printing function of. the inoperative nozzle to the 
operative nozzle, so thfit a suibble output image is 
printed aitiipugh some nozzles are inoperative. 




HOZZIC 
fflTORIiA'nON 



PRINT HEAD 




MOTION 1 


COKTROL 


110^ 


CONTROL 1 


GLEEIRONICS 


ELECTRONICS 1 



llMACE PROCESSOR ! > -100 



I 



nc. 1 



LU 



Primed by MrcK (UK] Busirwss Servloss 
2.16.7/3 6 



1 



EP0974 467A1 



2 



Description 

BACKGROUND OF THE INVENTION 

[0001 ] This invention generally relates to Inkjet printer s 
apparatus and methods and more particularly relates to 
an ink jet printer and method of compensating for malp- 
erforming or inoperative ink nozzles in a print head, so 
that high quality images are printed although some ink 
nozzles are malperforming or inoperative. 
[0002] An Ink jet printer produces images on a 
receiver by ejecting ink droplets onto the receiver in an 
imagewise fashion. The advantages of non-impact, low- 
noise, low energy use. and low cost operation in addi- 
tion to the capability of the printer to print on plain paper is 
are largely responsible for tiie wide acceptance of ink Jet 
printers in the marketplace. 

[0003] It is known thai quality printing by an ink jet 
printer requires repeated^ection of ink droplets from 
ink nozzles in the printer's print head. However, somie of 20 
these ink nozzles may malperforni. That is, some ink 
nozzles may indeed ^ect ink droplets; however, tine ink 
droplets are ejected along a trajectory deviating from 
the droplets' desired trajectory, ther^ leading to ail^^ 
feicts in the printed image. Also, some ink nozzles niay 
eject ink droplets having ink droplet volumes^etther less 
than or greater than the desired ink droplet vptume. In 
addition, some ink nozzles may eject ink droplets at an 
undesired velocity. Moreover, some ink ncezles way 
completely fail to eject any ink droplets at all. When 
such malperforming nozzles are present undesirable 
lines and artifacts will appear in the printed inrage. 
thereby degrading image quality. Also, when nozzJe fail- 
ures occur, unprinted Ibies will appear in the printed 
image along the direction of print head movement, 
thereby greatiy degrading image quality. 
[0004] Malperforming and inoperative nozzles may be 
caused, for example, by blockage of the ink nozzle due 
to coagulation of solid particles in the ink fluid in the 
nozzle. Malperforming and inoperative nozzles may 
also be due to inadvertent presence of foreign partides 
in the ink or faulty nozzle holes in a nozzle plate 
attached to the ink nozzles. Yet anottier reason for 
malperforming and inoperative nozzles may be inability 
to activate the ink droplets wrfien required. That is. ink 
nozzles may fall to ^ect ink droplets as desired due to 
failures in an electric drive circuit which activates the 
nozzles in order to ^ect ink droplets. Moreover, ink noz- 
zle malperformance due to failures in the electrk: drive 
circuit may give rise to ink droplets not having either a 
desired volume and/or a desired velocity, which in turn 
produce image artifacts. Also, such malperforming noz- 
zles may only malperform intermittently. That is. such 
malperforming nozzles may operate as desired for a 
time and then malperform for a time only to return to the 
nozzle's desired operation. Moreover, in ttie case of 
thermal ink jet print heads, resistive heater elements 
that are in heat transfer communication with tiie ink in 



tiie nozzles for ejecting ink droplets may become 
degraded by repeated on-off heating duty cycles. Such 
heater element degradation compromises ability of tiie 
heater elements to supply the desired amount of heat 
when activated. For exanple. if a degraded heater ele- 
ment supplies less that tiie desired amount of heat to 
the ink. ttien an ink droplet may not be ejected from its 
associated ink nozzle. Therefore, itWoukj| be desirable 
to unclog such malperforming or inoperative ink nozzles 
or otiierwise enable suchmalperforming inoperative ink 
nozzles to produce quality images. 
[0005] Techniques for puri^ing dogged nozzles are 
known. For epcaniple, U.S. Patent 4,4^^ 
detector that detects nozzles ^^^^ 
lets. A nozzle purging operation then occurs when the 
clogged ink nozzle are detected. As anotiier example, 
US Patent 5.455,608 disclcfees a se^ 
desu-ing procedures of increasing intens^^^^ 
zles lio longer tall to^ect Ink drppl^^ 
dwincf tedir^ are disclps^ irr^^ 
4.165.3e3 arid iiJ:^ SF^ 

[0006] However, tiie art referrisd to hereinabove 
appear directed to recovery procedures w^ 
completely fails tir ejiBCt ah; ink drofi^ art 
25 appears to ignore tiie ca^e in whidi. although the 
purged nozzle ^ects an ink droplet, the droplet none- 
theless does not possess desired characteristics (for 
example* dedred traji^ctcMry. d on). 
Moreover, tiie art rietenred to horeim^ove appear to 
30 ignore tiie case in which not all felled hozz^ be 
recovered to bei ftinctiphal rneri^y by perfer 
dearing operations (for example, wiping, purging, 
extensivefiring and me like). For ejcample, solid coagu- 
lates in tiie irik bloddng the ink nozzles niay strongly 
35 resist removal by nozzle dealing operations; That is. if 
only some of the ibiW coagulates are removed, tiien an 
ink droplet will eject; however, tiie Reeled ink drppirt 
may not have the desired tirajedbry, diesired: volumei 
and so on. Moreover, such nozzle dearing operations, 
40 even if successfol in removing solkJ cocigulates, cannot 
repair failed resistive heaters or f^led electric driver dr- 
cuits. Of course, presence of such permanentiy malper^ 
forming 6r inoperathre nozzles compromises image 
quality. 

45 [0007] Therefor^ an object Of the present invention is 
to provide an ink jet printer and mettiod capable of com- 
pensating for malperforming and inoperative ink nozzles 
in a print head, so that quality images are printed 
altiiough some ink nozzles are malperforming or inoper- 
50 ative. 

SUMIUIARY OF THE INVENTION 

[0008] Wifli ttie above object in view, the present 
55 invention is defined by tiie several claims appended 
hereto. 

[0009] The printer comprises a print head and a plu- 
rality of nozzles formed in the print head. At least one of 



2 



3 



EP 0 974 467 A1 



4 



the nozzles may be inoperative and at least another one 
of the nozzles is operative. A detection system is cou- 
pled to the nozzles for detecting the inoperative nozzia 
A computer is connected to the detecfion system for rer 
assigning printing: function of the inoperative nozzle to s 
the operative nozzle, so that a suitable output image is 
printed although some nozzles are Inoperative. 
[0010] A feature; of tiie pre^^ is the provi- 

sion of ari Ink jet printer (» 

irig operative :: ink hqazles thai \ are capable of 
compehsatinjg for meUpeilbrming arid inoperative ink 
nozzles. 

. [001 1] An advantage of the ^^^p^ iriventibii is that 
qi»i|i^ inrages ari^ priri^ 
zles are malperfbrming or inoperative. 
[0(H 2] = Another advantage the present invention is 
that lifetime of ttie }^ 
printing costs are reduced. 

[001 3] These and other objects; features and advan- 
tages of tiie present tnverition will become apparent to 
those skilled in the art lipori a reding of tiie following 
detailed descriptibri wIIn^ In bonjunctipn with the 
drawings wherc^^ tiiWet is shown described illustra- 
tive enft]iodlmentsof^t^^^ 

BRIEF DESCRiPTiON OF THE DRAWINGS 

[0014] While the spedfipation concludes with claims 
particularly polnting^qut and dis^^ dainting tiie sub- 
ject nrattiar of the pr^setn inve^ it is believed tfie 
invention will be bettt^ und<ars^ from the fbilowirig 
desdriii^toii vyheriitakeriii 
pariying difawlhgS:Wh«'e^^^^ 

Figure 1 is a view in perspective of a printer with 
parts reiTKved for c^rity; 

Rgure 2A illustrates a f iirst pattern produced 
by an operative nozzle of the printer during a first 
printing pass; 

Figure 2B illustrates a second mask pattern pro- 
duced by ari iqiperalive nozzle of the printer during a 
second printing pas^: 

Figure 3 Ulustrates a. first algorithm for acquiring 
nozzle performance information, (that Is. nozzles 
operative, malperfbrming or inoperative): 
Figure 4 is a plan view of the printer, with parts 
removed for clarity; 

Figure 5A illustrates a first mask pattern produced 
by an irK>perative ru)zzle of the printer during a first 
printing pass; 
Rgure 56 illustrates a second mask pattern pro- 
duced by an operative nozzle of the printer during a 
second printing pass; 

Rgure 5C illustrates a test image for detecting 
malperforming ink nozzles as well as fully operative 
ink nozzles; and 

Figure 6 illustrates a second algorithm providing 
image processing steps which result in compensat- 



ing for matperibrming or inoperative ink nozzles. 
DETAILED DESCRIPTION OF THE INVENTION 

[001 5] The present description will be directed in par- 
ticular to elements forming part of, or cooperating more 
directiy with, apparatus in accordance with the present 
invention: It 1^ to be. understood that elements not spe- 
cifically shown or descn'bed niay take vartous forms well 
known to those ikilted in the art. 
[001 6] Therefore, referring tb Rigs. 1 , 2A arid 2B; there 
is shown a printer, generally referred to as 10, for print- 
ing an output image 20 on a receiver 30, which may be 
a reflective-fype receiyer (for exariple. paper) or a 
trarismissive-type repeWe^^^ e)rample. transparency): 
Printer lO prihts image 2^^ hiead 40, 

wtiich is afi irikjeti^i:^^ ink 
ejection n6siliW) S^ For reasor^ dis^ 

dosed hereint^eldw. eadi nozzle 50 is assigned a 
unique index nunTber ^Nj", wher^/i » 0. . . M. Here, tiie 
value "M" may be equal to the total number of nozzles 
Sdfbrmed in pririt head 40; By way of exannple only and 
net by way of limitation, tiiere may be 200 index num- 
bers Ni where t ^o to 199; Ttiat is. there riiay be 200 ink 
nozzles 50 in pririt head 40. 

[001 7] Flefen-ing again to Rgs. 1 , 2A and 28, it is seen 
that printer 10 generally comprises the following conpo- 
nents: (a) a rotatable platen 60 and a receiver guide 70 
for translating receiver 30 with respect to print head 40; 
(b) print head control electronics 80 connected to print 
head 40 for a>ritrollihg activation of nc^^^ 
ftilM 40| (<3^ 

control electronics 80 for providiixi imaige data 
head control electronics 80; (cO an image processor 100 
coupled to computer 00 for processing the digital image 
data; (e) arxJ motion control electronics 1 10 associated 
with print head 40 and platen 60 for controlling transla- 
tion of print head 40 and rotation of platen 60. Each of 
tiiese componeiits m addition to other components 
defining the invention are descrOsed more fully herein- 
below. 

[001 8] Still referring to Rgs. 1 , 2 A and 2B. printer 1 0 
further comprises a print head transport mechanism, 
generally referred to as 120. Print head transport mech- 
anism 120 is coupled to print head 40 for reciprocating 
print head 40 with respect to receiver 30 along a direc- 
tion illustrated by a double-headed arrow 125. In the 
preferred embodiment of the invention, print head trans- 
port mechanism 120 includes a first motor 130 engag- 
ing a gear 140, which in turn engages a pulley-belt 
assembly 150. Pulley-belt assembly 150 moves print 
head 40 with respect to receiver 30 along a fast scan 
direction as indicated by anrow 125 when first motor 130 
operates. Although not shown, print head transport 
mechanism 120 may further include positional feed- 
back, a liner encoder, and a direct current first motor 
130. Alternatively, print head transport mechanism 120 
may t>e a screw-driven arrangement having an elongate 
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lead-screw (not shown) extending parallel to platen 60 
and threadably engaging print head 40 for reciprocating 
print head 40 along a longitudinal axis of the lead-screw. 
Morewer, printer 10 also comprises a receiver transport 
mechanisnn. generally referred to as 1 60, fbr translating 5 
receiver 30 with respect to print head 40 along a direc- 
tion illustrated by an an-ow 165. In the preferred embod- 
iment of the invention, receiver transport mechanism 
160 includes a second motor 170 connected to motion 
control electronics 110 and engaging a gear arrange- 10 
ment 180. Second motor 170 operates platen 60 by 
means of gear anrangement 180. such that receiver 30 
moves in the direction of anrcw 165 and slides along 
guide 70 when second motor 170 operat!Mf. 
[0019] Referring yet againto Figs. 1, 2Aand 2B. adig- is 
ital image source 1 90 is connected to oonrputer 90 for 
supplying an input digital image (not shosyn) to cpnpu- 
ter 90. which input digital irrege corrprises a plut^ity of 
pixel values characterizing the digital image b^ 
color, pixel location, end so oil In ms^^reQ^K^^QJ^ ^ 
image source 190 may be a dHgita! camera, sqah^ 
the like (also not shown). Alterriatiyely. this inpMt cfigilal 
image also may be created on o^mputer 90 by m^nsof 
a suitable user irterface that may indude a display,^ 
keyboard, a stylus, and/or a "mouse" (also not shpvyn). 25 
Computer 90 preferably includes at least one <x)mmuni- 
cation port (not shown) for transfenring image files and 
other infbrmalion to external devices, such as a compu- 
ter network mass storage area. A nozzle performance 
information source 200 is stored in a mempry (not 30 
shown), which is connected ip oornputer 90* for supply- 
ing information to computer 90 about performance of 
each nozzle 50. In this regard, the nozzle performance 
information supplied to computer 90 specifies whether 
each nozzle 50 is "malperforming". "inoperative- or 35 
"fully operative", as described in detail hereinbelow. 
[0020] In addition, in inik jet printing, an image row is 
often printed in more than one printing pass for at least 
two reasons. First, risk of ink coalescence on the ink 
receiver is minimized because only a subset of all 40 
image pixels is printed in each printing pass. This also 
reduces probability that ink spots at adjacent pixels will 
be in liquid contact. Secondly, visual artifacts caused by 
variabilities between ink nozzles are reduced. Such var- 
iabilities may be due to variat)ilities introduced in manu- 45 
facturing the print head. In order to ameliorate such 
variabilities, each image row is printed by more than one 
ink nozzle in more than one printing pass. Therefore, 
variability, such as errors in ink drop placement or ink 
drop volume, between ink nozzles 50 can therefore can- so 
eel each other and make image artifacts less apparent 
to the naked eye when nriore than one printing pass is 
made. 

[0021] Therefbre. Rgs. 2A and 2B illustrate printing of 
a single image row 210 in two passes when all nozzles ss 
50 are fully operative. The terminology "fully operative" 
with respect to nozzles 50 is defined herein to mean 
nozzles 50 that eject ink drops having desired charac- 



teristics, such as desired ink drop trajectory, desired ink 
drop volume, and desired ink drop velocity Entry values 
of mask patterns in image row 210 comprises a plurality 
of pixel locations 220 having pixel location index num- 



bers Pq, where 1 = 0... M and j = 1. . . C. In this exem- 
plary enlbodiment of the invention, "M" is the total 
nuni)er of pixel rows that extend horizontally on 
receiver 30 and "C" is the total number of pixel columns 
that extend vertically on receiver 30. Thus, the subscript 
"i" for pixel location Py denotes a row location and the 
subscript "j" for pixel location P5 denotes a column toca- 
tion. Therefore, location of each pixel in image 20 can 
be d^ribed by its two<limensional pixel location 
number P^. However, it should be noted that values of 
are values for mask patterns in image rows 210 
ratiier than pixel values obtained from the digM input 
in^ge, as dis(^(keid rm^M^ \!^an\&[:\o 
determine whether a pixel is printed, the mask pattern 
value arid the piidy^^ 

logic^ mMltifiiedi^ ■ 
•operation)^ : - 

\WSty Referring IP ^gv 2A^fl^ 
ated ti^iat a jp^rfediy^^^ 

50 operative. The printing prdce^ r^deiyer 
transport mechanism 160 positions receiver 30 sp that 
image row 210 comes into reglstiBtion: with npzzles Ng. 
Next, print head transport mechanism 120 translates 
print head 40 a!ong:1he fa5t scaa 
tion of arrow 125) tip prirt a swath p^ comprising M 
image rows. More €*)ec»ically,^ i 
using afiigfcfl?^ 

printing passi. f^M" pUrpPses of illustration, first rilask pat- 
tern 250 fbr nozzle 50 is illustrated as containing entry 
values of "O's" and "1". where the entry value of "1" is 
used herein to indicate that nozzle Nq has been enabled 
to print a pixel at a predetermined pixel value at pixel 
location P|j and the eritry value of "0" is used herein to 
indicate that nozzle No has tieen disabled to not pfrint a 
pixei location P9. 

[0023] Refemng to Fija. 2B. receiver 30 is advanced by 
receiver transport mechanism 160 so ttrat image row 
210 comes into registration wHth nc«le Niop- At this 
point, the next swath plane of image 20 is printed. More 
specif teally. image row 210 is printed using a second 
mask pattern 260. As descn*bed hereinabove, the valr 
ues of "O's" and "IV at pixel locations Pq in second 
mask pattern 260 represent enabling and disabling, 
respectfully, of printing at each pixel for that particular 



[0024] Referring again to Figs. 2A and 2B, entry val- 
ues in second mask pattern 260 are complementary to 
values in f irst mask pattern 250. That is. where an entry 
value of "0" appears in a column "j" of first mask pattern 
250, such as at pixel location Po,i. a complementary 
entry value of "1 " appears in the same column "j" of sec- 
ond mask pattern 260, such as at pixel location P100, v 
Conversely, where entry value of "1" appears in a col- 
umn T of f irst mask pattern 250, such as pixel k)cation 
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Pq 2. an entry value of "O" appears in the same column 
"j" of second mask pattern 260. such as at pixel location 

Pl00,2- 

[0025] Referring yet again to Figs. 2A and 2B. image 
row 210 is printed t]y nozzle 50 having index number Nq 
in the first printing pass and then over-printed ksy nozzle 
50 having liftdex number N^oo second printing 

pass. In this rranner, the combined effect of mask pat- 
terns 240 ard; 250 produced by the first and second 
printing passes. re|spectiyely. allows all pixels in inriage 
row 210 to be printed. Thus, during the first printing 
pass, nozzle No is activated to print a piredete^^^ 
portion of inristge rbyyf 210 uang nriask|»ttern^2^ Sirrv 
ilarty. during the second prirrtirig-^p^ 
activated to pi^ 
210 usirtg rtiMik 
nozzles that print ovci^ 
noa^es Nb ai*l f^^ 
Another nozzle gr^p nw 
Yet another nbiziJe gr^^ hozz\e^ f>^ 

Ni99. It may be ap^^ 
that the pfesehtlriv^ 
of orgariizing hosiizleVou^^^ 
on the specific printing rnode i5elected lvid^.n^ 
ferent from the exarriiile disclosed Inmiediatfeiy herein- 
^ above. 3uch specific printing modes may, for example, 
be number of pririting passes, paper transport ahfibunt 
after each pass, iand so on. 

[0026] RefeiTing to Rgs. 1v 2A arid 2B. the input digital 
image Is t:aur^^ source^;: 1 90 to 

computer 90 ^ftrtjen^ri the ir^i4 digital ima^t te 
essed by image processor 100. In this regard, image 
processor Sop is capable of crpjfspiirig, tone 

scale transformation, color transfohTiatibn, and/pir half- 
tor^ng the ir|ptrt dij^ital imagie. MdreoWi^^^ 
sor 100 places thieinpirtdig^ 
for input to ink jet print head 40, which linage feiro 
may be in the form of separate color plaries comprising 
the input digital image (for exanrtple. yellow, magoita, 
cyan and t)lack color planes); or a plurality of swath 
planes that are each prirrted during different printing 
passes, as described hereinabove. As descrbed more 
fully hereinbelow, image processor 100 also indudjes a 
first algorithm 27b (see Fig. 3) that acquires nozzle per- 
formance information such as vvheth^ nozzles 9) are 
either operative malperforming or in<^>eratiye. Also as 
described more fully hiereinbelow, image processor 100 
further includes a second algorithm 370 (see Fig. 6) for 
compensating for any inoperative nozzles 50. These 
algorithms 270 and 370 are used to acquire nozzle per- 
formance information and to compensate for presence 
of inoperative nozzles 50 by using only operative noz- 
zles 50. 

[0027] Referring yet again to Rgs. 1 . 2A and 2B, the 
processed digital image data provided by image proces- 
sor 100 is transmitted from image processor 100 to the 
previously mentioned print head control electronics 80. 
The print head control electronics 80 receives this proc- 



essed digital image data and transforms this data into 
electrical signals that selectively drive (that is, selec- 
tivety activate) nozzles 50. These selectively driven noz- 
zles 50 produce output image 20 on reefer 30 by .:^ 

5 printingaplurality of image rows 210 onto receiver 30. . 
In addition, motion contirol electronics 110 controls first 
motor 130. so that print head 40 is controllably trans- 
lated with respect to receiver 30 in order to print each 
image row 210 in first mask pattern 250. In addition, 

10 after each swatii plane is printed, motion control elec- 
tronics 1 10 controls second 170, such that platen 
60 rtilateiB to advsuii^ 30 in a direction illus- 

trated by str&N 165. Reiver 30 is advanced in this 
nranner in order to prepare Ihe ink nozzles in the same 

IS ripzzli^ gipuF> for prii^ 

260 oh ima^^^^ may be apprieci- 

: : ated frprii the desc^ hereinabove that a single 
; jhriiage rc^(^1^^^ com-^ 
plet^y printed iii% 6 or ar^ number of such printing 

20 passiBS. if-desiredv 

[0028] The desdriptipn hereinabove was directed to 
the hominai case where all nozzles 50 are operative 
arKi ito.nozde^ 50 are malperforming or inoperative. 
However, sorhe of these nozzles 50 in fact ntay be malp- 

25 eribrnUng or InoperEiti^e. It is desirable to detect and 
compensate for rrialperforming or inoperative nozzles:- 
50 by activating fully optative nozzles 50. so as to pro-i: 
vide high quality output image 20. 
[0029] Referring to Figs, 1, 2A. 2B and 3. first algo- 

30 rithm 270 for prdvidihg: nozzle performar^ information 
biBgins with dkectirig iri^^ 

310 of first algorithm 270. The inoperative nozzles 50 
are det^ed in ia rtianrier disclosed preseritiy. ^i€Grt^ 
nozzles 50 are organized into nozzle groups, as at st^p 

35 320. and as describied hereirii^^ Some of the index 
numbers Ni aire asspdated with malperforming and 
inoperative ridzzlesi 50, whilis other ones of the index 
numbers Nj are associated with fully operative nozzles 
50. In step 347, ttiese nozzle index numbers N| repre- 

40 senting either malperforming, inoperative or operative 
nozzli^ 50 aire stored as ripzzle performance informa- 
tion in nozzle performance information source 200. this 
nozzle performance iriformation is then transmitted from 
perfomiance information source 200 to computer 90 

45 where it is proceissed for use by image processor 1 00. It 
miay be appreciated tiiert nozzle perform informa- 
tion source 200 may be stored in an electronic rnemory 
connected to computer 90 for storing rK)zzle indices Nj. 
[0030] As best seen in Rgs. 3 and 4. any inoperative 

so nozzles 50 are detected by an optical detection system, 
generally referred to as 325, comprising a light source 
330 laterally disposed to one side of print head 40 and 
a light sensor 340 laterally disposed to an opposite side 
of print head 40. Ught sensor 340 is coupled to nozzle 

55 performance information source 200 for transntitting an 
electrical signal to nozzle performance information 
source 200. as described in more detail presently Light 
source 330, which may be a laser light source, is colin- 
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early aligned with light sensor 340 and emits a Fight 
beam along a light beam path 342 passing adjacent to 
nozzles 50. Of course, light sensor 340, which may be a 
photodiode, receives light emitted by light source 330. 
Thus, in order to detect operative nozzles 50, motion 
control electronics 110 translates print head 40 to a 
position between light source 330 and light sensor 340. 
so that when an ink droplet 290 is ejected from opera- 
tive nozzle 50. the light beam is intenrupted. When the 
light beam is interrupted in this nnanner, an electrical 
signal produced by light sensor 340 causes this nozzle 
50 to be recorded in nozzle performance inforrnation 
source 200 as an operative nozzle 50. On the other 
hand, if ink droplet 290 late to eject frdm nozzle 
when nozzle 50 Is activated, then the light beam is iinin- 
temupted and no electrical, signal is prpduc<^ b^^^^^ 
sensor 340. In this latjter case. nQzzle SO iS 
nozzle performance in^rmation source 200 as an inop- 
erative nozzle 50. Using this infprmatiori. mask p^ems 
250 and 260 are applied to nozzle groups having all 
operative nozzles. Mask patterns 345 and 349 are 
sequently applied to: nozzle groups that tndudejrtpper- 
ative nozzles. 

[0031 1 However, some nozzles 50 nriay rir«lper- 
forming in the sense that ink droplets 290 are ej^ed 
txit not as intended. Such nozzles are not cpmpjetely 
"inoperative" and not "fully operative". For example, 
some ink nozzles 50 may indeed eject ink droplets 290; 
however, the ink droplets 290 are ejected along a trajec- 
tory deviating from the droplets* desired trajectpry; that 
is. the trajectory normal to a nozzle plat^ (not shown) 
belonging to prirrthead 40 Other ink nozzles may eject 
ink droplets 290 having ink droplet volumes either less 
than or greater than the desired ink droplet volume. 
Such ink nozzle behavior may lead to artifacts appear- 
ing in output image 20. That is, when such malperform- 
ing nozzles 50 are present, image artifacts, such as 
banding, will appear in the printed image, thereby 
degrading image quality. As described presently, the 
invention compensates for such malperformtng lipzzles 
50. as well as for completely failed nozzles, in order to 
obtain a high quality output image 20. 
[0032] Therefore, as best seen in Rg. 5C. a test image 

361 is first printed by a specif k; print head 40 for acquir- 
ing nozzle performance informatioa The purpose of 
printed test image 361 is to detect nozzles that are 
malpertorming as well as nozzles that have completely 
failed. In this regard, printed test image 361 includes a 
plurality of ink marks, such as lines 362, with each line 

362 being printed by a different nozzle Nj, where i = 0 to 
199. For purposes of clarity, test printing results for only 
a subset of all two-hundred nozzles are shown in Rg. 
5C. That is. test printing results only for nozzles N|. 
where i - 0 to 19 are shown. 

[00331 Still referring to Rg. 5C. a desired (that is. per- 
fectly formed) line 363 printed by a fully operative nozzle 
comprises a plurality of generally aligned ink dots 
364a of substantially equal size, each ink dot 364a 



being formed by individual ink droplet 290. However, if 
any one of nozzles 50. such as nozzle N2. completely 
f^ls to ^ect ink droplet 290. then a space 365 is 
observed where line desired 363 should be. In addition. 
5 if any one of nozzles 50, such as nozzle N7, ejects ink 
droplet 290 along an undesired trajectory, then a line 

366 is displaced from its intended location in printed test 
image 361. Moreover; H any one of nozzl^ 50^ such as 
nozzle Ni|7, ejects cm ins^^ 

10 droplet 290, theri a lighter and thinn^ than deisired line 

367 is produced^ in tills case^ lighter than desired line 
367 comprises ink dots 364b that are snrialler than ink 
dots 364a. In addition, if any one of nozzles 50. such as 
nozzle N|9. ejects finore than desired vo^^ for 

IS ink droplet 290, ttieh a dari<er and thicker tiian desired 
line 36$ isiprdduGfi^ 
line 375 corrQ^^ 

dots 364a. The nozzle indices Nj for fully operative, as 
well as malperfdrming nozzles, are stored in nozzle per- , 

20 formance information source 200. -^y, 

[0034] Refening again to Rg. 5,: any malpertorming 
nozzles 50 iricluding arr/ cornfietely t|il<^ nozzles 60 
can be detected vi$ually^p . 
operated fvi^^ vpi: riegard to ^^sual ■ 

25 detection, an operator of printer 10 examines nozzles 
50 and determines the malperforrning hc^zles including 
tiie completely failed nozzles. Ne^ tiie operator nozzle 
index numbers Nj cprresppnding to those nozzles eject- 
ing ink droplets 290 in an undesirable manner as well as 

30 tiiose nozzles tiiat completely fail to eject Ink droplets. 
The operator then inputs this informatioii Jnjtp opmputer 
90, wi^ch stores t^ 

informatlQn source 200. On the other hand, wit^ 

to detection by means of automatically operated a^^ 

35 ratus. printed test image 361 1$ imaged by an image 
sensor (not shown), preferably irrtegrally conriecrted to 
printer 10. The image is then analyzed by at least one of 
a plurality of image pattern recognition prpgrarns well 
known in tiie art, to detect ma|perfbmiing ^nozzlesf 

40 including conripletely failed nozzles. This inforimtion is 
ttien stored in nozzle performance infornr^tion: source 
200. 

[0035] Referring to Rgs. 4 and 6. it may be appreci- 
ated from the discussion hereinabove that previously 

45 mentioned light source 330 and light sensor 340 are 
used to detect completely failed nozzle 50. Also, it may 
be appreciated from the diso^on hereinabove that 
test image 361 Is also used to detect a completely failed 
nozzle 50. as well as detecting ottier msilperipirming 

50 nozzles 50, Therefore, if it is desired merely to detect 
completely failed nozzles 50. light source 330 and light 
sensor 340 may be used. Alternatively, test image 362 
may be used to detect completely failed nozzles. An 
advantage of using light source 330 and light sensor 

55 340 to detect a completely failed nozzle 50 is ttiat test 
image 362 need not be printed. This results in a con- 
comitant time savings t)ecause time spent printing and 
analyzing test image 362 is avoided. 
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[0036] Figs. 5A and 5B provide an exemplary illustra- 
tion of how sMCh imalperlbrmlhg and inoperative nozzles 
50 are compensated Ipr by opemtive n6;fzl^ 50.. In the 
exanple descr|b|ki presently.^^n |slo Is assumed to 
be an inopieratiye (that is. failed) nozzia this nozzle No 
will define a third mask pattern 345 in the first printing 
pass. In this regard, third mask pattern 345 defined by 
nozzle No.is illustrated as containing entry values of all 
"0*8" (that is. nozzle Nq inoperative). Oh the other hand, 
nozzle Nioo c^sum^ to be an operative nozzle. Th^ 
nozzle Nioo defines a fourth mask pattem 348 in the 
second printing pass, tn this regard, fourth mask pattern 
348 defined by nozzle N^op is illustrated as containing 
entry values of ail "i*s" (that is, nozzle Ntoo operative). 
Thus,: it nisiy; be Mhders^^ appearing 
in fbuHh iroiskpatt^irn 348 are 
values appeari(g8|;:;ln^^ that is. 

viHfierlBi entry 

mask pattern 345, a complementary entry value off 
apipear^ in the sifi^ "j" fbr fikjrth mask pattern 

348/ • 

[0037] Rdenihg again to R0s. 5A arid 5B, and as 
described hereinabove, third maisk pattern 34^ is illus- 
trated as containing entry values of all "0*s" (that is; rtoz- 
zte No ihoperati>>e) and fourth^^^TO pattkn 348 is 
^ illustrated as containing entry values of all (*^t 'S- 
nozzle Niooi^ 

descrijrtfon fiei^inak^ that when the enitry ya^ 
third m^Kik patted a j^ecif ic iribpera^ 

nozzle SOith^nVip^^j^ i • Q) 

will beprihted iri^to^ 
image S^iie at 

further appredated ftp^ the description hereinabbve, 
that if the entry values in fourth mask pattern 348 are "1 " 
for a specific bperative nozzle 50. then pixel locations 
Pioo j wi" be prihted in the second pririting pass conisist- 
ent witfi the image values for those pixel locatk}ns. In 
this riiariner, all pixels for image row 210 are printed 
even though some nozzles 50 are inoperative. Also, the 
combined effect of fourth mask pattern 348 when over- 
laid onto third maskpalterh 345. after completibn of the 
first printing pass and secorKi printing pass, allows all 
pixels in iiTiage low 210 to l)e printed using operative 
nozzlies 50 in i^lace d inopeiiath^e 
[0038] Referring to Figs. 3, 5A and 5B. if nozzle No is 
detected as inoperative in the manner disclosed herein- 
above, then third mask pattern 345 for nozzle No is 
stored in nozzle information source 200, as at step 347 
of the previously mentioned first algorithm 270. Next 
the inoperative nozzle 50 having index number Nq is 
disabled, as ist step 350 of first algorithm 270. This dis- 
ak>led nozzle 50 having index number Nq is illustrated in 
Fig. 5A, wherein each entry value for each pixel location 
is *'0". These entry values of "0" indicate that no pixels in 
image row 210 are printed in the first printing pass. Put 
another way, the printing function of disabled nozzle 50 
having index number No (that is. disabled nozzle 50 
having entry values of "0") are reassigned, as at step 



360 of first algorithm 270, to operative nozzle 50 having 
index number N^qo (that is, enabled rtozzle 50 having 
errtry values of "1"). That is. printing function of disabled 
nozzle No is reaissigned to operative nozzle Nioo- Thus. 
5 entry values in image row 21 0 have a value of "1 " during 
the second printing pass, so that all unprinted pixels 
associated with inoperative nozzle No in ttie first printing 
pass are printed by operative nozzle N^oo i^i tile second 
printing pass. 

10 [0039] Turning now to Fig. 6, tiiere is shown a second 
algorithm, generally refen^ed to as 370. Second algo- 
rithm 370 illustrates imaging processing steps per- 
Ibrmed by image processor 100. In tNs regard, at step 
380 the input image is operated i4K)n in order to resize, 

IS . crop, tone 8cale.:hatftorie; tr^ar^for and separate 

Image row planes fdr each printing pass and each ootor. 
It niay be SV3P 100 may 

perform d* 

as needed: As itiustrated at step 390. a swath plane 
20 including a plurality of ini^ is extracted; that 

. . iis. all pixel values of ttie sv^ 

processor 100. Next, an image column is extracted from 
the swath: plane, as at step 400. An image pixel is then 
extracted from the image column "j" (where j » 1 . . . C). 
2S as at step 410, In addition step 420 determines 
whether nozzle 50 falls into a nozzle group containing, 
inoperative nozzles. If all nozzles in a nozzle group are- 
operative, nominal (tiiat is, regular) mask patterns are 

applied as shown in Figs. 2A and 2B and at step 430. 

30 On the other hand, if noazles^ 50 include inoperative 
nozzle, new mask patterns 345 and 348 are applied, 
as at st(Eijj440, A^ 

repeated for all pixels Py in steps 450 tiirough 470. It 
should be observed that first algorithm 270 and second 
35 algorittim 370 preferably reside in computer 90 in 
machine language. 

[0040] It is appreciated from the description herein- 
above that an advantage of the present invention is that 
high quality images are printed although some ink noz- 
40 zles are malperfbrming or inoperative. This is so 
because pixels ttlat woukJ otherwise be printed by inop- 
erative ink nozzles 50 in a first printing pass are instead 
printed l?y operative ink nozzles 50 in a second printing 
pasa 

45 [P041 ] Another advantage of the present invention is 
that printing costs are reduced. This is so because pur- 
chase of a new print head merely to replace malper- 
fbrming and inoperative nozzles is virtually avoided. 
[0042] While the invention has been described witti 

so particular reference to its preferred embodiments, it will 
be understood by those skilled in the art that various 
changes may be made and equivalents may be substi- 
tuted for elements of the prefen-ed embocfiments witiiout 
departing from the invention. For example, prirrter 10 

55 may include a nozzle purging apparatus in communica- 
tion with each nozzle 50. Such nozzle purging may be 
performed by an ink pump and a vacuum suction 
device. Thus, any malperfbrming or inoperative nozzles 
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may be purged before using the invention to compen- 
sate for the inoperative nozzles. This technique has the 
advantage of restoring function of matperforming and 
inoperative nozzles, if possifc)le, so that a minimum 
number of malperforming and inoperative nozzles need 5 
be compensated for by operative nozzles. In this man- 
ner, printing speed is not significantly reduced. None- 
theless, some of these malperforming and inoperative 
nozzles nonetheless may resist purging operations. 
According to this technique, compensating for such per- 10 
manently malperforming and inoperative nozzles by 
using operative nozzles would only occur after any 
unsuccessful purging pperationsi 
[0043] As is evident from the foregoing descriptipn, 
certain other aspects bf the invehtipn are not limited to is 
the particular details of the exanples illustrated, and it is 
therefore contemplated ttiat other modifications arid 
applications will occur to thc^e skilled in the art It is 
accordingly imended that the claims; st^ll cover aH 
modifications and applicatioifisas dp not d 20. 
true spirit and scope ictf the 
[0044] Therefore, what is piiOMded is 
and method of compensating for malperformir^ and 
inoperative ink nozzles in ai print head, so that high qual- 
ity images are printed although some ink nozzles are 2s 
malperforming or inoperative. 

Claims 

1. An Ink jet printer. Qomprising. 3d 

(a) a plurality of drop-emitter nozzles (50) 
arranged such that a first nozzle is adapted to 
print along a first path substantially the same. 

as a second path previously printed by a sec- 35 
ond nozzle; arid 

(b) a control (90) adapted to enable siald first 
nozzle during a portion of tfie first path ahd to 
enable said second hbzzle during a comple- 
mentary portion of the f irst path, such that said 40 
first or said second nozzle is enabled during 
the entirety of the first path, said control being 
effective to disable saki first or said second 
nozzle during the entirety of the first path and 

to enable sakl first nozzle or said second noz- 4S 
zte during the entirety of the second path. 

2. The printer of claim 1 , further comprising a nozzle 
transport mechanism (120) connected to said noz- 
zles for translating said nozzles in a first direction so 
with respect to the receiver, so that said nozzles 
print on a receiver (30) in the first direction. 

3. The printer of claim 32 further comprising a receiver 
transport mechanism (160) engaging said receiver 55 
for transporting said receiver in a second direction 
with respect to said nozzles, so that said nozzles 
print on the receiver in the second direction orthog- 



onal to the first direction. 

4. The printer of claim 1 , wherein said control is capa- 
ble of electrically driving sad nozzles to eject ink 
droplets therefrom. 

5. A print ihead^ comprising: 

(a) a plurality of nozzles, at least one of said 
nozzles t>eihg inoperative and at least another 
one of said nozzles being operate; and 
03) a computer (90) connected to said nozzles 
fbrire-assigniinigpririting f^ inoper- 
ative niozzleto said operative no^a 

6. The print head of claim 5, further comprising a 
det^ioni s!^enri^ (^ 

detecting sai^^ 

7. The pririiiihieddip^^^ wh^i^iiii^ald 
systi^Jsant^^ 

8. A method of assembling , a prN^ 
steps of: 

(a) providing a plurality of drop-emitter nozzles 

ranged such ttiat a first nozzle is adaptibd to 

print alprig ia: first path substantially theisarne 

as a secMOhd ipatti previously printcki^^^^ 

ond nozzle;:;CUfidi 

(|;iO priding ei^:C^ 

first nozzle id^ 

to enable said -secQ^ 

mentery pprlipri ^ the^^^ 

first or said:: second nozzle is enaE^ 

the entiretyiof: thefirst path, eakJ::Contrc)l>being:: 

effective: to: d^ or saidisf^ 

nozzlid during the entirety 

to enable said first nozzje or said secxvid rK>z^ 

zle during the entirety of the second path: 

9. The m^hod of claim 8^ further ppnn|prising:ih^ 
of connecting a nozzle transport mectiemis^^ 
nozzles for tr^relating the nozzles In a fiiBt direction 
with respect to the feceiyer, so! that the nozzJes print 
on the receiver in the first direction. 

1 0. The method of claim 9, further comprising the step 
of engaging a receiver transport mechanism with 
the receiver for transporting the receiver in a sec- 
ond direction orthogonal with respect to the print 
head, so that the nozzles print on the receiver in the 
second direction orthogonal to the first direction. 

1 1 . The method of claim 8. wherein the step of connect- 
ing a control comprises the step of connecting a 
control capat^e of electrically driving the nozzles to 
^ect ink droplets therefrom. 



8 



15 



EP0974 467A1 



12. A method of assembling a print head, comprising 
the steps of: 

(a) providing a plurality of drop-emitter nozzles 
arranged such that a first nozzle is adapted to 5 
print alorig afii^t p^ substantially Ihe sam 
as a seoond piath pr printi^ by a sec- 

ond nozzle; and 

^) providing a control adapted to eiuible said 
first nozzle during a portion of the first path and io 
to enable said second nozzle during; a complex 
mentary portion of the first path, sudh that said 
first or said second nozzle is enabled, during 
the entirety erf the first path, said boritrol teing 
effective to disable said first or said second is 
nozzle diiririg the entirety of the fo^ path to 
enable saki: first nozzle or said second noaude 
during the entirety of the second path. 

13. A mefliod of assembling a print head for printing an 2o 
image on a receiver, qomprisiirig thid steps of : 

(a) coupling an optical detection^ ^^em to a 
plurality of nozzles for optically detecting inop- 
erative rioazleSi a proportion cf i^^^ '25 
being inojpeiBtive and a f;ernalninig 
the npzsde^ ahd : 

ifi) cohhectlir^ a coitfiuter to the <^ 
tidn syd^;lpr reasi^ghi 

iribp^fBtivienc^ 30 
that the operative nozzles compensate for the 
inoperative nozzles iln order that :^e Image Is 
printed on the. receiver by the operative noz- 
zles.- 

35 
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